An interlaboratory comparison of Josephson voltage standards has been made among 16 national, industrial, and military standids laboratories in North America and 1 in Germany. The comparison was made at 10 V using a set of four travelling Zener reference standards. A pivot laboratory made measurements at the beginning, end, and at 9 other times during the comparison. The measured differences and their uncertainties are used to establish a table of equivalence between all pairs of participants.
Introduction
In the 1999 Josephson voltage standard (JVS) interlaboratory comparison (LC) (the fifth semiannual such comparison), a set of four 10 V Zener reference standards was circulated among the 17 participants listed in Table 1 . All of the participants used a 10 V Josephson standard to measure each of the four standards. In this summary we discuss the philosophy and methods of the comparison and differences with past comparisons. Numerical results are incomplete at this writing but will be presented at the conference.
Procedure
In the 1997 JVS ILC [l] each participant made 64 measurements (16 for each of the four Zeners) over 2-4 days. Analysis of that data showed that the scatter of residuals to the fit line was essentially the same if only 32 measurements were used. (This is a result of the nongaussian noise typical of Zener standards.) As a consequence, the standard data set for LC99 was reduced to 8 measurements of each of the four Zener standards. The eight measurements were made as four +-pairs using a new type of manual reversing switch that was mounted directly on the Zener terminals. In addition Boulder, CO 80303 to the Zener measurements, each participant was requested to make 8 short circuit measurements using exactly the same procedure as that used in the Zener measurements. These short circuit measurements allow an independent evaluation of most of the sources of uncertainty in each participant's JVS [2] . Also travelling with the Zener standards was a switch box that allowed each participant to record the battery voltage and thermister resistance for each Zener, and the atmospheric pressure. Each participant made these measurements four times, once at the conclusion of each +-pair measurement for all four Zeners.
Analysis
The output voltage of Zener standards is well known to be dependent on time, atmospheric pressure, temperature and humidity. This creates a significant complication in comparing one lab to another. The usual approach is to establish a model for the Zener output voltage and then to 0-7803-5744-2/00/$10.00 02000 IEEE,determine the difference of each participant with the model and the uncertainty of that difference. In ILC97, the model included time and pressure dependence. The coefficients were determined using a least squares fit to the data from all participants. This was the only practical approach considering that the pressure coefficients were not known and that there was no pivot lab to independently determine the drift rate. There are two disadvantages to this method: (1) bad data from one participant can "pull" the model and affect everyone's result and (2) any correlation between time and elevation allows the model to mask real differences between participants. In ILC99 this situation is much improved because two independent measurements of the pressure coefficients were made before the comparison began, and the existence of regular pivot lab data allows the drift rate to be established independently of the data of participants. Another complication arises because, when the data spans a significant portion of one year, a linear time fit is clearly inadequate. This may be a result of a periodic seasonal variation owing to humidity. This can be accounted for by adding additional fitting parameters but each additional parameter adds opportunity to mask real differences and opens up the procedure to criticism. For this reason we have adopted the following algorithm for analyzing the data:
(1) All raw data is corrected to a standard pressure by applying the previously determined pressure coefficients. (2) The 32 measurements from each pivot lab data set and each participant are reduced to a single mean value of voltage and time. (3) The model of the Zener voltage vs. time is taken to be a point to point series of line segments that pass exactly through each pivot lab point. (4) The best estimate of the difference between any participant and the pivot lab is the residual to the model. This approach can account for nonlinear time variation of the Zener voltage and it is completely independent of the data of the participants. Since the dependence of Zener voltage on oven temperature (as indicated by thermister readings) was not determined before the ILC began, the thermister data is not included in the model but will be investigated for correlation with the measured voltage. A large part of the scatter is a consequence of the pressure (elevation) dependence of the traveling standards.
Traceabilitv and Equivalence
There are several reasons for expending the considerable effort to make this comparison: (1) It provides evidence of the quality of the measurements of the participants and is therefore important for accreditation. (2) It provides a forum for participants to learn and discuss the latest measurement procedures, and (3) it provides a link of traceability to national measurement laboratories. In the case of ILC99, a link with NIST is of particular importance to all of the participants. For this reason the NIST Electricity Division performed a closed loop comparison with the pivot laboratory that established a difference of 59 nV with a k = 2 uncertainty of 2 18 nV. The problem with traceability is that it is generally not quantitative and does not have a universally accepted definition. Another approach is the concept of a "quantified demonstrated equivalence" (QDE) [3] , in which the results of a comparison such as ILC99, together with Guide [4] compliant uncertainty statements from each participant are used to establish a quantitative confidence interval for the agreement of measurements between any two laboratories. The QDE approach will be applied to the results of ILC99 and will be used to establish a table of equivalence between all pairs of laboratories including NIST.
